This paper is a report of our investigations into the estimation of plasma proteins by zone electrophoresis; and the relationship between the level of the plasma fibrinogen and the erythrocyte sedimentation rate in patients with rheumatoid disease. The effects of various forms of treatment is also described.
Material
The material in this study consists of 172 zone electrophoretic analyses of plasma proteins; 23 from eighteen normal subjects and 149 from 25 patients suffering from rheumatoid arthritis or ankylosing spondylitis. Sixteen replicate analyses were carried out on serum obtained from one of the normal subjects. In addition, plasma fibrinogen levels were determined, by precipitation, on 173 occasions, in the patients and in fourteen of the healthy persons. Sedimentation rates were performed concurrently in all instances.
Twenty of the patients were diagnosed as having typical peripheral rheumatoid arthritis, four of these being children under the age of 12; one patient had pure ankylosing spondylitis, and four were suffering from spondylitis with peripheral joint involvement. All patients were hospitalized in the Arthritis Research and Treatment Centre, Regina General Hospital, under the auspices of the Saskatchewan Division of the Canadian Arthritis and Rheumatism Society.
The ages of the normal subjects varied from 19 to 45 years, and those of patients extended from 7 to 79 years. The sex incidence of the healthy persons was evenly divided and among the patients there were thirteen men and twelve women. None of the normal group was thought to have any concurrent illness. Amongst the patients, rheumatoid disease had been present for only 6 months in two cases, but five persons had been afflicted for more than 15 years. The average duration of arthritis was 44 years. Most of the patients were in the more advanced stages of the disease. * This study was assisted by a grant-in-aid from the Canadian Arthritis and Rheumatism Society.
Control studies were carried out on seven patients before the institution of any specific systemic therapy, and in seven others who received no specific medication throughout their hospitalization. The remaining patients had been receiving either hormonal, gold, or x-ray therapy at the commencement of the study or before admission.
Interest was aroused in the relationship between the erythrocyte sedimentation rate and the plasma fibrinogen levels in rheumatoid arthritis as a result of the work in Toronto of Fletcher and others (1952) . These authors reported a very definite correlation between these two estimations, particularly when the plasma globulins were within the normal range.
It was felt of interest, therefore, to investigate this relationship further and to compare the sedimentation rate with fibrinogen levels estimated by both the precipitation method and by zone electrophoresis. The initial comparisons, in this study, showed no significant correlation, although after discarding cases with high globulins some relationship did seem apparent. It was then remembered that this linear relationship is frequently upset during therapy, particularly with cortisone or ACTH, because the elevated fibrinogen level decreases before, and more rapidly than, the sedimentation rate. This was shown very clearly by Fletcher and others, who also illustrated graphically the alteration in this fibrinogen-sedimentation rate correlation. With this in mind, scattergrams were made only of analyses from plasma taken from patients with normal globulin (less than 2 * 5 g./I00 ml. plasma) during control periods, and from the normal subjects.
With regard to therapy during the study, three patients received gold or cortisone alone. Four patients were given cortisone at first to which gold therapy was later added. In three cases phenylbutazone was administered alone, and in four others this drug was used in addition to maintenance cortisone treatment. (The usual doses were 37-5-50 mg. cortisone and 200400 mg. phenylbutazone.) One patient received x-ray therapy for ankylosing spondylitis. 201
ANNALS OF THE RHEUMATIC DISEASES Methods
The erythrocyte sedimentation rates were done by the Westergren method in duplicate on patients and single determinations on normal subjects.
The plasma fibrinogens were determined by two methods: first by that described by Campbell and Hanna (1937) , in which the fibrinogen was precipitated with sodium sulphite, redissolved, and estimated photometrically according to the procedure of Gornall and others (1949) ; secondly, by the zone electrophoresis technique described below.
Total serum protein, albumin, and total globulin estimations were carried out by the precipitation-biuret method at least once on each control and each patient.
Complete protein fractionations were carried out, using the zone electrophoretic technique, a modification of that described by Flynn and De Mayo (1951) , which is essentially a combination of the methods of Durrum (1950) and of Cremer and Tiselius (1950) .
Apparatus.-The electrophoretic apparatus ( Fig. IA ) was modified to consist of a methacrylate plastic box, 24 x 10", with two buffer compartments, 10 x i1", at either end. The outer compartments contained the carbon rod electrodes and a filter paper bridge connected the two compartments. A glass plate, 17 x 10", formed the filter paper support between the two inner compartments. The paper strips were placed across the support so that the ends dipped into the inner buffer compartments. A glass plate covered the entire assembly, being pressed down carefully on the paper strips.
Technique.-The paper strips, No. 1 Whatman, 2k" wide, saturated with barbiturate buffer, pH 8-6, were stretched across the supporting plate with each end dipping into the buffer solution. Another filter paper strip was used to remove the excess solution from the area to which the plasma was to be applied. 0 10 ml. plasma was streaked across the paper to give a line about 1 cm. wide. The cover plate was then lowered into place, both plates having previously been coated with silicone grease to reduce absorption of the protein on the glass. The current was applied across the system at the rate of about 0 4 milli-amperes per centimetre width of paper for 6 hours. Three samples were run simultaneously. A D.C. power unit, producing up to 550 v., regulated, was required. The cover glass was removed, the ends of the paper trimmed off, and the strips airdried overnight.
The staining procedure was exactly the same as that of Flynn and De Mayo (1951) .
A densitometer, described below, was used to obtain the data from which the electrophoretic curve was plotted on graph paper. The curve of each fraction was drawn to overlap the next fraction at the minima between the two. The area for each curve was obtained by the method of counting the squares. The percentage of each fraction was obtained from its area in relation to the total area.
The densitometer, or scanning device, was constructed according to the description given by Griffiths (1952) . It was built on a box, 22 x 12 x 4", with two removable glass plates, 18 x 3", covering a hole in the top 2k"wide and extending the full length of the top (Fig. 1B , opposite). Above the glass plates was mounted a 100-w., white-light source, focussed through a slit 1 x " in the base of the lamp-housing, the axis of the slit being at right angles to the length of the glass plates. Directly below the light source and connected to it with a bracket, a rectangular photo-electric cell was installed. The whole assembly moved above and below the glass plates by means of a screw moving -" between each reading. The photo-electric cell was mounted in a black plastic box and the light source was protected by a sheet metal housing. The photo-electric cell was connected to a logarithmic type ohmmeter and the readings of this were recorded as relative density. When a pattern was to be read, the strip was placed between the glass plates and the density scale set at zero at a point on the strip The electrophoretic results for the total rheumatoid group are shown in Fig. 4 tion, as will be discussed later, the zone-electrophoretic analysis would appear to be the less accurate of the two methods, although probably sufficiently reproducible to be of value in a general hospital laboratory, or smaller rheumatism centre.
(e) Results of Therapy.-As it has long been known that the fibrinogen level of the plasma and the erythrocyte sedimentation rate are indices of the activity of rheumatoid disease, these estimations were used to follow the course of patients during hospitalization with or without specific anti-rheumatic therapies. The addition of gold therapy to maintenance dosages of cortisone did not significantly alter the clinical or laboratory courses of the four patients for which this treatment was prescribed.
Small doses of phenylbutazone added to maintenance dosages of cortisone produced marked clinical improvement in three cases in this group but the fourth obtained no benefit. In the former there was a marked relief of pain and stiffness; mobility of joints increased; and a slight decrease in joint swelling occurred. However, in all cases the addition of these doses of phenylbutazone produced no alteration in the elevated sedimentation rates or fibrinogen levels.
(i) No Specific Therapy.-As was expected, only minor fluctuations in the fibrinogen levels and in the sedimentation rates occurred upon following the courses of the patients receiving no specific therapy and in the control group prior to the institution of therapy. Throughout the course of each patient study, the minor alterations in sedimentation rates closely paralleled slight changes in the fibrinogen levels.
(ii) Cortisone and Combination Therapy.
Those patients receiving cortisone showed the expected decrease in sedimentation rates and concurrent reductions in plasma fibrinogen levels during therapy with higher doses of the hormone as shown in Fig. 7 . On reducing the dosage of the drug to maintenance amounts, the values of these indices tended to level off or to rise again even though the clinical features remained suppressed. Among the difficulties encountered in the zone electrophoretic technique was one termed "edge effects", by which evaporation from the edge of the glass plates tended to distort the protein pattern so that the zones were not the axis of the paper. The effect tent one and was not readily attris in room temperature since the lone in a room with all openings workers have sealed these edges by by smearing the edge with grease, the whole assembly in water imOur separations were done with suffer soaked paper, 1" wide at each -his displaced the edge effect away trying the sample. s has been shown in Table I (Table II) for normal controls are found to be consistently high as compared with other methods.
The problem here would appear to involve mainly difficulties in deriving the points of separation between the various fractions, particularly the fibrinogen and gamma-globulin. This became evident both during the scanning of the coloured strips, and during the plotting and calculation procedures. In an attempt to obtain better separation, other workers, such as Kay (1954) , have employed smaller currents of longer duration and have utilized different dyes. These modifications would appear to be very advantageous for analyses of serum, but, in the case of plasma, difficulties still exist in the separation of the two fractions noted previously. This is because of the slow and almost equal movements of these two components during electrophoresis, which almost always result in some degree of overlapping of the fibrinogen and gammaglobulin fractions (Figs 2, 3, and 4).
Again, it has been observed that the fibrinogen, particularly when increased in amount, tends to "gel" resulting in irregular, streaky distribution on the filter paper of this component and the gammaglobulin as well (Fig. 4D ). This phenomenon was greatly increased when stored specimens were analysed, as was noted earlier, and it was minimized by the use of absolutely fresh plasma samples.
For these reasons, and until they can be overcome, this technique as applied to plasma protein fractionations would seem to be inferior to the older methods of study.
On the other hand, the apparatus and procedures are relatively simple, and the saving of technical time, as compared with other methods, is considerable. These factors, together with its demonstrated clinical applicability, indicate that the zone electrophoresis technique of serum or plasma fractionations can be utilized in the laboratories of smaller general hospitals or rheumatism centres.
Summary
(1) A relatively simple method of estimating the five major components of the plasma protein is described, together with the apparatus used.
(2) By this method, in rheumatoid arthritis and ankylosing spondylitis, a moderate to marked rise is found in the relative fibrinogen and gammaglobulin levels, while the plasma albumin tends to be correspondingly reduced. No significant alterations in alpha-and beta-globulins are apparent.
(3) The results of the study relating sedimentation rate estimations to plasma fibrinogen levels in rheumatoid disease again demonstrate, as shown by Fletcher and others (1952) , the linear correlation between these factors. This correlation is not as impressive with fibrinogen percentage levels obtained by zone electrophoresis as with the estimations obtained by precipitation with sodium sulphite. However, the former is statistically significant and indicates that the technique used is suitable for general clinical use, particularly in patients with rheumatoid disease.
(4) The progress of various patients has been followed during various forms of therapy, and typical graphs are presented utilizing the sedimentation rate and plasma fibrinogen levels as indices of the activity of rheumatoid disease.
(5) Some of the problems and undesirable features of the technique are discussed.
(1) On decrit une methode relativement simple, ainsi que l'appareil, pour determiner les cinq composants principaux des proteines du plasma.
(2) Par cette methode on trouve que dans l'arthrite rhumatismale et dans la spondylarthrite ankylosante il y a une augmentation moderee ou prononeee des taux relatifs du fibrinogene et de la gamma-globuline tandis que le taux de l'albumine du plasma tend a diminuer en proportion. On n'observe pas d'alterations significatives de la alpha-ni de la beta-globuline.
(3) La correlation de la vitesse de la sedimentation globulaire et du taux du fibrinogene sanguin dans la maladie rhumatismale confirme les resultats de Fletcher et coll. (1952) montrant l'existence d'un rapport direct
